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© A device for the vacuum-plasma treatment of 
articles comprises a vacuum chamber (1) housing an 
elongated anode (2), a vacuum-arc discharge cath- 
ode (3) and a support (5), in particular for an article 
(6) undergoing treatment, situated between the an- 
ode (2) and cathode (3). A screen (7) which is 
impermeable to metal ions is provided in the cham- 
ber (1) between the cathode (3) and the support (5). 
The support (5) is designed to hold the article under- 
going treatment at both the latter's end faces (8, 9) 
and is provided with a current supply line (10) at 
each end corresponding to the respective end face 
(8, 9) of the article (6). The anode (2) is elongated 
and parallel to a line between the two end faces (8, 
9) of the article (6) and has a current supply line (11) 
at each end. Two pairs of current supply lines (10, 
11) are connected to the positive terminal of the arc 
power source (4) via a switch (12) and each pair of 



current supply lines (10, 11) can be connected in 
turn. 
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Field of the Invention 

The field of this invention is apparatus for vacu- 
um plasma treatment of substrates. 

Prior Art 

An apparatus for vacuum plasma treatment of 
substrates is known the apparatus comprising a 
direct current power supply unit connected elec- 
trically to a cathode and an anode of vacuum arc 
discharge that are located inside a vacuum cham- 
ber in a medium of a working gas at a reduced 
pressure and a holder of substrates to be treated 
that is located between the cathode and the anode 

(US,A,4,734,178). 

In the mentioned above apparatus vacuum 
plasma treatment of substrates is carried out using 
ions of metal evaporated from the cathode and this 
results in overetching of the substrate surface that 
in turn results in the substrate surface finish class 
decrease. 

It is also impossible to carry out a high quality 
complex treatment of long-sized substrates using 
the mentioned above apparatus in view of un- 
homogeneous plasma density distribution between 
the center and the ends of the substrate and this 
fact substantially limits technological capability of 
the apparatus. 

Another known apparatus for vacuum plasma 
treatment of substrates comprises a direct current 
power supply unit connected electrically to a cath- 
ode of a vacuum arc discharge located inside a 
vacuum chamber and to the vacuum chamber 
serving as an anode of the discharge and a holder 
of substrates to be treated located inside the vacu- 
um chamber (FR,A,21 82747). 

In the mentioned above apparatus vacuum 
plasma treatment of substrates is carried out using 
ions of metal evaporated from the cathode and this 
results in overetching of the substrate surface that 
in turn results in the substrate surface finish class 
decrease. 

It is also impossible to carry out a high quality 
complex treatment of long-sized substrates using 
the mentioned above apparatus in view of un- 
homogeneous plasma flow distribution along the 
substrate that results in unhomogeneous treatment 
and this fact substantially limits technological capa- 
bility of the apparatus. 

Another known apparatus for vacuum plasma 
treatment of substrates comprises a vacuum cham- 
ber with an extended anode and with an extended 
cathode of a vacuum arc discharge located inside 
the chamber and electrically connected respec- 
tively to a positive and a negative poles of a 
discharge power supply unit and a holder of at 
least one substrate to be treated located between 



the anode and the cathode (FR.A.21 47880). 

The holder of at least one substrate to be 
treated of this apparatus is adjusted to fasten only 
one end of the substrate to be treated and has no 
5 current leads. The anode is extended and has one 
current lead. 

In the mentioned above apparatus vacuum 
plasma treatment of substrates is carried out using 
ions of metal evaporated from the cathode and this 
70 results in overetching of the substrate surface that 
in turn results in the substrate surface finish class 
decrease. 

It is also impossible to carry out a high quality 
complex treatment of long-sized substrates using 

15 this apparatus because the one-end current lead of 
the anode without any current lead of the holder of 
the substrate to be treated results in unhomoge- 
neous plasma flow distribution along the substrate 
that in turn results in unhomogeneous treatment 

20 and this fact substantially limits technological capa- 
bility of the apparatus. 

Summary of the Invention . 

25 The present invention is based on the object of 

making an apparatus for vacuum plasma treatment 
of substrates provided with a means preventing 
from the surface overetching of the substrate to be 
treated and with such an anode and such a holder 

30 of at least one substrate to be treated that could 
allow to keep the initial surface finish class of the 
substrate to be treated and to carry out a high 
quality complex treatment of long-sized substrates 
and as a result to increase substantially technologi- 

35 cal capability of the apparatus. 

The object is accomplished by providing an 
apparatus for vacuum plasma treatment of sub- 
strates comprising a vacuum chamber, an ex- 
tended anode and a cathode of vacuum arc dis- 

40 charge located inside the vacuum chamber and 
electrically connected respectively to a positive 
pole and to a negative pole of a discharge power 
supply unit and a holder of at least one substrate to 
be treated located between the anode and the 

45 cathode with an impermeable for metal ions screen 
located between the cathode and the holder of at 
least one substrate to be treated, the holder itself 
of at least one substrate to be treated is adjusted 
to fasten both ends of the substrate to be treated 

50 and has on every end of the substrate to be treated 
a current lead, both current leads being electrically 
connected to each other, the anode is extended in 
direction of the ends of the substrate to be treated 
and has on every its end a current lead, both 

55 current leads electrically connected to each other, 
the pair of current leads of the holder of at least 
one substrate to be treated and the pair of current 
leads of the anode are alternatively connectable 
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through a switch to the positive pole of the dis- 
charge power supply unit. 

The holder of one substrate to be treated may 
comprise two separate clamps for both ends of the 
substrate to be treated located on the plane per- 
pendicular to the direction of the vacuum arc dis- 
charge current. 

The holder of a number of substrate to be 
treated may in addition comprise two separate 
disks located on the both sides of all substrates to 
be treated and connected to the clamps, the cur- 
rent leads of the holder are a turnable assemblage 
of two pivots and an isolator between them, both 
pivots being passed through and connected to the 
disks, on one side of the substrates to be treated 
the clamps of their ends are planetarally movable 
and the clamps of the opposite ends of the sub- 
strates to be treated are turnable and reciprocatin- 
gly movable relative to their disk. 

The apparatus may be provided with a means 
to induce a magnetic field with lines of force per- 
pendicular to the axis of the substrate to be treat- 
ed, that is located in immediate proximity to the 
holder of substrates to be treated and on the holder 
side facing the cathode. 

The means to induce the magnetic field may 
be a solenoid. 

Such construction of the apparatus allows to 
keep the initial surface finish class of the substrates 
to be treated, to catty out a homogeneous complex 
treatment of long-sized substrates and as a result 
to increase technological capability of the appara- 
tus. 

Brief Description of the Drawings. 

The following text explains the invention by 
means of description of specific embodiments and 
by the attached drawings where: 

Fig. 1 is a schematic diagram of the apparatus 
for vacuum plasma treatment of substrates 
wherein the vacuum chamber is shown in lon- 
gitudinal section; 

Fig. 2 is a schematic diagram of a modification 
of the apparatus construction wherein the vacu- 
um chamber is shown in longitudial section; 
Fig. 3 is a schematic diagram of yet another 
modification of the apparatus construction 
wherein the vacuum chamber is shown in lon- 
gitudinal section, and 

Fig. 4 is the same schematic diagram as pre- 
sented in the Fig 1 but giving distribution of the 
tangential magnetic field strengths along the 
substrate to be treated. 



Detailed Description of the Invention. 

The apparatus for vacuum plasma treatment of 
substrates according to the invention has a vacuum 

5 chamber 1 (Fig.1), an extended anode 2 and an 
extended cathode 3 of a vacuum arc discharge 
located inside the chamber 1 and electrically con- 
nected respectively to the positive and to the nega- 
tive poles of the discharge power supply unit 4 and 

70 the holder 5 of at least one substrate 6 to be 
treated located between the anode 2 and the cath- 
ode 3. 

Impermeable for metal ions screen 7 is located 
between the cathode 3 and the holder 5.The holder 

75 5 is used for one long-sized substrate 6 to be 
treated. It is adjusted to fasten two ends 8 and 9 of 
the substrate 6 to be treated and has on every side 
of both ends 8 and 9 of the substrate 6 to be 
treated two current leads 10 that are connected 

20 electrically to each other. The anode 2 is extended 
in the direction of the ends 8 and 9 of the substrate 
6 to be treated and on its both ends it has two 
current leads 11 connected electrically to each 
other. The pair of current leads 10 of the holder 5 

25 and the pair of current leads 1 1 of the anode 2 are 
alternatively connectable to the positive pole of the 
discharge power supply unit 4 by means of the 
switch 12. The cathode 3 is connected to the 
negative pole of the discharge power supply unit 4 

30 by means of its own pair of the current leads 13 
and the switches 14 connected to them in series 
and controlled with two separate activating mem- 
bers 15 that are connected to the output of the 
comparison unit 16. 

35 The holder 5 of one substrate 6 to be treated 

comprises two separate clamps 17 and 18 of both 
ends 8 and 9 respectively of the substrate 6 to be 
treated that are located in the plane that is per- 
pendicular to the direction of the vacuum arc dis- 

40 charge current. 

Near the working surface 19 of the cathode 3 
the wire detector 20 of current position of the 
cathode spot 21 of the vacuum arc discharge is 
located. Through the resistors 22 it is connected to 

45 the positive pole of the discharge power supply 
unit 4. The detector 20 is also connected to the 
input of the comparison unit 16, another input of 
wich is connected to the programming unit 23 
generating electrical control signal changing in 

so time. 

The screen 24 near the non-working surface of 
the cathode 3 prevents from the cathode spot 21 
passing to this surface. 

The current leads 10,11,13 respectively of the 
55 holder 5, of the anode 2 and of the cathode 3 as 
well as the current leads of the detector 20 are led 
out of the vacuum chamber 1 through the isolators 
25 located on the walls of the chamber 1. 
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The metal-gas plasma flow is marked in the 
Fig.1 with the reference 26 and the pure gas plas- 
ma area is here hatched and marked with the 
reference 27. 

The embodiment described above may by suc- 
cessfully used for long-sized substrates treatment 
especially when the treatment of only one side of 
the substrate surface facing the cathode is re- 
quired.for instance, of a flat substrate surface. 

The modification of the apparatus construction 
presented in the Fig.2 allows to increase the pro- 
ductivity and the efficiency of the apparatus by 
means of the plasma flow concentration in the area 
where the substrate to be treated is located. 

This embodiment is analogous to the embodi- 
ment presented in the Fig.1 . 

The difference is that the apparatus presented 
in the Fig.2 is provided with the means 28 to 
induce the magnetic field its lines of force being 
perpendicular to the exis of the substrate 6 to be 
treated. The means is located in immediate proxim- 
ity to the holder 5 and on the holder side facing the 
cathode 3. 

The solenoid 29 is used as the means 28. 

Presented in the Fig. 3 modification of the ap- 
paratus construction is better to be used for treat- 
ment of a great number of the substrates 6 that are 
mainly of the same type. 

In this case the holder 5 of a number of sub- 
strates 6 to be treated comprises in addition two 
separate disks 30 and 31 located respectively on 
the both sides of all the substrates to be treated 
and connected with the clamps 17 and 18 by 
means of the axles 32 and 33 passed respectively 
through the guides 34 and 35 on the disks 30 and 
31. One end of each axle 32 or 33 is connected 
respectively with the corresponding clamp 17 or 
18. The opposite ends of the axles 32 are provided 
with the gears 36 and the opposite ends of the 
axles 33 are provided with the loads 37. 

The current leads 10 of the holder 5 are made 
as a single whole comprising two pivots 38 and 39 
connected to each other by means of the isolator 
40. The pivots 38 and 39 are passed through both 
disks 30 and 31 respectively, rigidly coupled with 
them and rotatable in the direction shown by the 
arrow A. 

The ends of the pivots 38 and 39 passing out 
of the vacuum chamber 1 and serving as the 
current leads 1 0 are connected to the brush collec- 
tors 41 and 42.The pivot 38 is kinematically con- 
nected through the brush collector 41 with the 
output shaft of the rotation drive 43. 

The clamps 17 of the ends 8 of the substrates 
6 are planetarally movable in the direction shown 
by the arrow B. For this purpose the isolator 44 is 
installed inside the vacuum chamber 1, When the 
disk 30 rotates the gears 36 touch the stop 45 
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fastened on the isolator 44 and also rotate relative 
to the disk 30. The clamps 18 of the ends 9 of the 
substrates 6 are also planetarally movable because 
they are rotatable relative to their disk 31. They are, 

5 reciprocatingly movable relative to the disk 31 in 
the directions shown by the arrows C and D and 
pressed to the ends 9 by means of the loads 37. 

Thus the guides 34 serve only for rotation of 
the axles 32 but the guides 35 serve for rotation as 

70 well as for reciprocation of the axles 33. , 
In the last modification of the apparatus con- 
struction the means 28 to induce the magnetic field 
is located on both sides of the holder 5 facing the 
cathode 3 and the anode 2 and comprises two 

75 solenoids 29 and 46. This allows to concentrate the 
homogeneous plasma flow in space between the 
solenoids 29 and 46 mainly when the positive pole 
of the power supply unit 4 is connected to the 
anode 2. It is fruitful when the holder 5 of a number 

20 of the substrates is used and the substrates 6 
fastened on the holder 5 are distanced in space 
one from another. 

The operating principle of the apparatus for 
vacuum plasma treatment of substrates according 

25 to the invention is the following. 

The vacuum chamber 1 (Fig.1) is pumped 
down to a pressure about 0.001 Pa and then it is 
filled with the working gas (nitrogen, argon, oxigen 
in the pressure range 0.1-10 Pa) using a gas input 

30 system (wich is not shown in the drawing). When 
the discharge power supply unit 4 is turned on the 
vacuum arc discharge is initiated on the working 
surface 19 of the cathode 3, The cathode spot 21 
of the vacuum arc discharge always moves along 

35 the cathode surface towards the turned-on current 
lead 13. The turning on of the switches 14 is 
carried out using the detector 20, the resistors 22, 
the comparison unit 16, the programming unit 23 
and the activating members 15 of the switches 14. 

40 The detector 20 and the resistors 22 form the 
diagonal of the Wheatstone bridge the resistance of 
the resistor 22 being more then one order of mag- 
nitude higher than the resistance of the detector 
20. The voltage at the ends of the detector 20 is 

45 

U=i(r x -R/2), 

where i is current in the circuit of the detector 20, 
r x is the resistance of the part of the detector 

50 between its end and the center of its section 
crossed by the metal-gas plasma flow 26, and R is 
the resistance of the detector 20. 

Thus the voltage U of the detector 20 deter- 
mines unambiguously the current position of the 

55 cathode spot 21 at the cathode 3. 

This voltage is supplied to the first input of the 
comparison unit (operational amplifier) 16. To the 
second input is supplied the voltage from the pro- 
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gramming unit 23. If the difference between the 
both input voltages of the comparison unit 16 is 
zero then both switches 14 are turned on and the 
cathode spot moves chaotically along the cathode 
3. When the cathode spot 21 shifts along the 
cathode 3 the voltage U of the detector 20 changes 
and then the difference between the voltage of the 
detector 20 and the voltage from the programming 
unit 23 differs from zero and at the output of the 
comparison unit 16 is generated a signal turning on 
one of the switches 14 by means of the activating 
member 15 and the cathode spot 21 starts to move 
in the direction that leads to a decrease of the 
input voltages difference. When the voltage from 
the programming unit 23 is constant the cathode 
spot reciprocates near a certain point of the cath- 
ode axis. The change of the voltage from the 
programmming unit 23 results in the displacement 
of the cathode spot reciprocation zone. So if the 
voltage from the programming unit 23 changes 
according to a preset program then the position of 
the cathode spot 21 also changes according to the 
same program. 

The metal-gas plasma flow 26 propagating 
from the cathode spot 21 reaches the screen 7 that 
is impermeable to metal ions.The metal ions 
moves rectilineally and they are neutralized and 
deposited on the surface of the screen 7.So the 
metal cannot penetrate into the space beyond the 
screen. But the electrons from the metal-gas plas- 
ma do penetrate into this space under the influence 
of the electrical field of the anode (it may be the 
substrate 6 - position I of the switch 12, or the 
anode 2 - position II of the switch 12) and they 
ionize the working gas and form the positive col- 
umn of the gas plasma 27. 

When the holder 5 has two current leads 10 as 
it is shown in the Fig.4 the superposition of the 
magnetic fields H of two currents I with opposite 
directions yields zero value of the magnetic field 
strength near the anode surface area receiving the 
electron current from the positive column and there 
is no force disturbing the positive column and 
displacing it along the anode in any direction. 

When the cathode spot 21 moves along the 
cathode 3 according to any preset program then 
the electron flow on the surface of the substrate 6 
or of the anode 2 (depending on the position of the 
switch 12) shifts accordingly and the vacuum plas- 
ma treatment of the substrate 6 is carried out 
strictly according to the program preset by the 
programming unit 23. 

If the working gas is nitrogen the substrate 6 is 
heated up to the working temperature by the elec- 
tron flow (the switch 12 in position I) then the 
temperature control system (not shown in the draw- 
ing) turns the switch 12 into position II, and the 
heated substrate 6 is plunged into the plasma 



column moving reciprocatingly and nitriding the 
substrate 6 according to the preset program. 

When the treatment of the substrate surface 
with gas ions is needed the discharge is also 
5 initiated between the anode 2 and the cathode 3 
and a high negative bias voltage is put to the 
substrate 6. 

The modification of the apparatus according to 
Fig.2 operates analogous to the apparatus accord- 
io ing to Fig.1. 

The difference is that in the apparatus accord- 
ing to Fig.2 the correspondance of the substrate 
part plunged into the election flow of the positive 
column to the cathode spot 21 position on the 
75 cathode 3 is strengthened by means of the mag- 
netic field with lines of force perpendicular to the 
axis of the substrate 6. 

The solenoid 29 inducing the magnetic field 
partially envelops the holder 5 of the substrate 6 on 
20 the side facing the cathode 3. 

In magnetic field the electrons of the gas plas- 
ma are magnetized and move along the lines of 
force of the magnetic field. They move in the 
direction that is perpendicular to the axis of the 
25 substrate 6 because the lines of force are also 
perpendicular to this axis. 

The modification of the apparatus according to 
Fig.3 operates analogous to the apparatus accord- 
ing to Fig.2. 

30 The difference is that the current in the circuit 

of the power supply unit 4 (Fig.3) runs through the 
brush collectors 41 and 42 and through the ends of 
the pivots 38 and 39 separated by the isolator 40. 
The isolator 40 makes the pivot 39 to rotate but it 

35 prevents from the current running through the pivot 
38 to the pivot 39. The substrates 6 are fastened 
on the holder 5.The clamps 17 of the holder 5 
rotate around their axes when the disk 30 rotates 
and the gears 36 touch the stop 45 isolated from 

40 the chamber 1 . 

Thus the substrates 6 move planetarally when 
the disk 30 rotates. 

The clamps 18 are reciprocatingly movable 
relative to the disk 31. It allows to connect elec- 

45 trically the ends 9 of the substrates 6 irrespective 
of their dimensions. The clamps 18 are pressed to 
the ends 9 of the substrates 6 by means of the 
loads 37 that results in a reliable electrical contact. 
The solenoid 46 allows to stabilize and to con- 

50 centrate the plasma flow within the whole space 
filled with a number of the substrates 6 to be 
treated. 

Thus the apparatus according to the invention 
allows to treat the substrates keeping their initial 
55 surface finish class (for instance, to heat in vacuum 
with the electron flow) and this allows in turn to 
coat the substrates immediately after the preheat- 
ing and the holding the substrates in a preset 
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working temperature range (for instance, nitriding) 
in one and the same vacuum chamber without any 
grinding or polishing using for coating widely 
known methods of the cathode material evaparation 
in vacuum (the screen is removed) or of the target 
material sputtering with gas ions (the screen is in 
the working position) that substantially increases 
the technological capability of the apparatus. 

Besides the apparatus according to the inven- 
tion allows to increase productivity of the treatment 
simultaneously heating a great number of massive 
substrates including long-sized substrates with a 
plasma electron flow that is homogeneously dis- 
tributable during the treatment along the sub- 
strates. 

Industrial Applicability 

The apparatus for vacuum plasma treatment of 
substrates the treatment comprising the substrate 
heating with plasma, the substrate surface cleaning 
with gas ions, the chemical heat treatment of the 
substrates and the coating deposition may be used 
for vacuum plasma treatment of mainly long-sized 
substrates such as shafts, tubes, long-sized tools 
(broaches), sets of gears, hobs and others. 

Claims 

1. An apparatus for vacuum plasma treatment of 
substrates comprising a vacuum chamber (1) 
in wich are located an extended anode (2) and 
a cathode (3) of a vacuum arc discharge elec- 
trically connected respectively to a positive 
pole and to a negative pole of a discharge 
power supply unit (4) and a holder (5) of at 
least one substrate to be treated (6), located 
between the anode (2) and the cathode (3), 
characterized in that it is provided with a 
screen (7) impermeable to metal ions and lo- 
cated between the cathode (3) and the holder 

(5) of at least one substrate to be treated (6), 
the holder (5) itself of at least one substrate to 
be treated is adjusted to fasten both ends (8, 
9) of the substrate to be treated (6) and has on 
every end (8, 9) of the substrate to be treated 

(6) a current lead (10), both current leads (10) 
being electrically connected to each other, the 
anode (2) is extended in direction of the ends 
(8, 9) of the substrate to be treated (6) and has 
on every its end a current lead (11), both 
current leads (11) being electrically connected 
to each other, the pair of current leads (10) of 
the holder (5) of at least one substrate to be 
treated (6) and the pair of current leads (11) of 
the anode (2) are alternatively connectable to 
the positive pole of the discharge power sup- 
ply unit (4) by means of a switch (12), 



2. An apparatus according to claim 1, wherein the 
holder (5) of one substrate to be treated (6) 
comprises two separate clamps (17,18) for 
both ends (8, 9) of the substrate to be treated 

5 (6) located on the plane that is perpendicular 

to the direction of the vacuum arc discharge 
current. 

3. An apparatus according to claim 2, wherein the 
70 holder (5) of a number of substrate to be 

treated (6) comprises two separate disks (30, 
31) located on the both sides of all substrates 
to be treated (6) and connected to the clamps 
(17, 18), the current leads (10) of the holder (5) 

75 are a rotatable assemblage of two pivots (38, 

39) and one isolator (40) between them, both 
pivots (38, 39) being passed through and con- 
nected to the disks (30,31), the clamps (17) on 
at least one side of the substrates to be treat- 

20 ed (6) are planetarally movable and the clamps 

(1 8) of the opposite ends (9) of the substrates 
to be treated (6) are rotatable and reciprocatin- 
gly movable relative to the disk (31). 

25 4. An apparatus according to claim 1 or 2, or 3, 
wherein a means (28) is provided to induce a 
magnetic field with lines of force perpendicular 
to the axis of at least one substrate to be 
treated (6), the means (28) being located in 

30 immediate proximity to the holder (5) of at 

least one substrate to be treated (6) and at 
least on the holder side facing the cathode (3). 

5. An apparatus according to claim 4, wherein the 
35 means (28) to induce the magnetic field is a 

solenoid (29). 
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